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In the title compound C 2 7H 19 C10 6 , the coumarin ring system is 
not exactly planar, with a dihedral angle of 4.12 (7)° between 
its benzene and lactone rings. The as-fused pyran rings adopt 
half-chair conformations. The carbomethoxy and chloro- 
phenyl groups are in a trans configuration. The crystal packing 
is stabilized by intermolecular C— H- ■ O interactions, which 
produce a centrosymmetric R^(\4) dimer and two centrosym- 
metric R%(\&) dimers connecting the molecules in a two- 
dimensional fashion. 



Experimental 

Crystal data 

Q27H19QO6 
M, = 474.87 
Triclinic, PI 
a = 8.4441 (3) A 
b = 9.7556 (3) A 
c = 13.8546 (5) A 
a = 73.831 (2)° 
P = 82.858 (2)° 

Data collection 

Bruker Kappa APEXII CCD 

diffractometer 
26685 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.046 

wR(F 2 ) = 0.143 

S = 1.01 

6336 reflections 



Table 1 



y = 87.962 (2)° 
V = 1087.65 (6) A 3 
Z = 2 

Mo Ka radiation 
jU = 0.22 mm -1 
T = 293 K 

0.30 x 0.25 x 0.25 mm 



6336 independent reflections 
4968 reflections with / > 2a(I) 
R iM = 0.026 



308 parameters 

H-atom parameters constrained 
Ap»ax = 0.57 e A~ 3 
Ap mi „ = -0.52 e A~ 3 



Hydrogen-bond 


geometry (A, °). 








D-H ■ A 


D-H 


H- ■ A 


D-A 


D-H - A 


C2-H2- ■ 05 1 


0.93 


2.59 


3.271 (2) 


130 


C12-H12---04" 


0.98 


2.53 


3.3316 (16) 


139 


C23-H23- ■ 05"' 


0.93 


2.47 


3.355 (3) 


159 


Symmetry codes: 


(1) -.V + 1.-V4 




(ii) -jr+l.-yH 


- 1, -z; (iii) 



-x, -y, -z + 1. 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: SHELXL97 and PLATON (Spek, 2009). 



Related literature 

For uses of coumarins, see: Kayser & Kolodziej (1997); Fan et 
al. (2001); Wang et al. (2002). For related structures, see: 
Kanchanadevi et al. (2011). For puckering parameters, see: 
Cremer & Pople (1975). For graph-set notation, see: Bernstein 
et al. (1995). 
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Methyl rac-(2/?,115,12/?)-12-(2-chlorophenyl)-22-oxo-9,13,21- 
trioxapentacyclo[12.8.0.0 2 ' n .0 3 ' 8 .0 15 ' 20 ]docosa-l(14),3,5,7,15(20),16,18-heptaene-ll-carboxylate 

K. Swaminathan, K. Sethusankar, G. Sivakumar and M. Bakthadoss 
Comment 

The title compound C27H19CI C>6 was synthesized using domino Knoevenagel intramolecular hetero-Diels-Alder reaction, 
used extensively in the synthesis of heterocyclic and polycyclic compounds. Coumarin derivatives find applications as active 
components in pesticides and additives in the manufacture of pharmaceuticals and cosmetics. They are also known to posses 
antibacterial (Kayser & Kolodziej, 1997), anticancer (Wang et al., 2002) and steroid 5a-reductase inhibitory (Fan et al, 
2001) activities. 

The title compound C27H19CIO6 comprises a chromene ring and a coumarin ring fused to alternate sides of a pyran ring. 
A chlorobenzene ring and a carboxylate group are also trans-attached to the same pyran ring in adjacent positions. The X-ray 
analysis confirms the molecular structure and atom connectivity as illustrated in Fig. 1 . 

The chlorine atom Cll deviates from the least square plane of the phenyl ring (C20-C25) by 0.0568 A and the deviation 
of atom 04 from the least square plane of the coumarin ring (O3,C10,Cll,C13-C19) is 0.3315 (12) A. Also, the dihedral 
angle between the least square planes of the pyran ring (02,C8-C12) and the carboxylate side chain is 56.47 (6)°. The title 
compound exhibits sturctural similarities with a reported structure (Kanchanadevi et al, 2011). 

2 2 

The crystal packing is stabilized by C — H..0 intermolecular ineractions, which include a./? 2 (14) dimer and two./? 2 (18) 
dimers formed through a bifurcated hydrogen bond between a carboxylate O atom and two C atoms, one each from the 
nearby chromene and chlorobenzene rings, respectively (Bernstein et al. 1995). (Table 1). The symmetry codes are: (i) 1 
- x,l - y,l - z; (ii) 1 - x,l -y,-z and (hi) -x,-y,l - z. The packing arrangement of the title compound is shown in Fig. 2. 

Experimental 

A mixture of (E)-methyl 2-((2-formylphenoxy)methyl)-3-(2-chlorophenyl) acrylate (0.330 g, 1 mmol) and 4-hydroxy-2//- 
chromen-2-one (0.162 g, 1 mmol) was placed in a round bottom flask and melted at 180°C for 1 h. After completion of the 
reaction as indicated by TLC, the crude product was washed with 5 ml of ethylacetate:hexane mixture (1:49 ratio) which 
successfully provided the pure product, methyl rac-(2R,llS,\2R)- 12-(2-chlorophenyl)-22-oxo-9,13,21-trioxapentacyclo 

[12.8.0.0 2 ' n .0 3 ' 8 .0 15 ' 20 ]docosa-l(14),3,5,7,15 (20),16,18- heptaene- 11 -carboxylate, as colourless solid in 92% yield. 
Refinement 

Positions of hydrogen atoms were localized from the difference electron density maps and their distances were geo- 
metically constrained. The hydrogen atoms bound to the C atoms were treated as riding atoms, with d(C — H)=0.93 
A and (7 iso (H)=1.2(7e q (C) for aromatic, d(C— H)=0.98 A and (7 iso (H)=1.2(7 eq (C) for methyne, d(C— H)=0.97 A and 
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J7i S0 (H)=1.2{/eq(C) for methylene and d(C — H)=0.96 A and (7i S0 (H)=1.5(7 e q(C) for methyl groups. The rotation angles for 
methyl group were optimized by least squares. 



Figures 




Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at 30% probability level. H atoms are present as small spheres 
of arbitary radius. 



Fig. 2. Part of the crystal structure of the title compound viewed down c axis, showing the 
2 2 

formation of R2 (14) and7?2 (18) dimers. C — H-0 intermolecular interactions are indicated 
by dashed lines. Symmetry code: (i) 1 - x,\ -y,\ - z; (ii) 1 - x,l -y,-z and (iii) -x,-y,l - z. 



Methyl rac-(2/?,1 1 S,1 2/?)-1 2-(2-chlorophenyl)- 22-oxo-9,1 3,21 -trioxapentacyclo[1 2.8.0.0 2 ' 1 1 .0 3 ' 8 .0 15 ' 20 ]docosa- 
1 (1 4),3,5,7,1 5 (20),1 6,1 8-heptaene-1 1 -carboxylate 



Crystal data 




C 27 H 19 C10 6 


Z = 2 


M r = 474.87 


^(000) = 492 


Triclinic, PI 


D x = 1.450 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 8.4441 (3) A 


Cell parameters from 6336 reflections 


6 = 9.7556 (3) A 


6 = 2.2-30.0° 


c= 13.8546 (5) A 


|i = 0.22 mm 1 


a = 73.831 (2)° 


7/= 293 K 


(3 = 82.858 (2)° 


Block, colourless 


Y = 87.962 (2)° 


0.30 x 0.25 x 0.25 mm 


V= 1087.65 (6) A 3 





Data collection 



Bruker Kappa APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

26685 measured reflections 
6336 independent reflections 



4968 reflections with I > 2a{I) 
R int = 0.026 

Qmax = 30.0°, 6 m j n = 2.2° 

/l = 1 1 >1 1 

£ = -12^13 
/= 19— >19 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.046 
wR(F 2 ) = 0.143 
S= 1.01 

6336 reflections 
308 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 



H-atom parameters constrained 



w = l/[a 2 (F 0 2 ) + (0.0742P) 2 - 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.57 e A~ 3 
Ap m i„ = -0.52 e A~ 3 



0.3227P] 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


II- *IJJ 

^iso ' *^eq 


CI 


0.65779 (17) 


0.56358 (17) 


0.40142 (11) 


0.0427 (3) 


HI 


0.6784 


0.5199 


0.4674 


0.051* 


C2 


0.6817(2) 


0.70748 (18) 


0.36081 (13) 


0.0485 (4) 


H2 


0.7199 


0.7612 


0.3989 


0.058* 


C3 


0.6491 (2) 


0.77270 (17) 


0.26310 (13) 


0.0493 (4) 


H3 


0.6674 


0.8699 


0.2349 


0.059* 


C4 


0.58945 (19) 


0.69331 (15) 


0.20757 (11) 


0.0424 (3) 


H4 


0.5632 


0.7389 


0.1431 


0.051* 


C5 


0.56753 (15) 


0.54613 (14) 


0.24582 (9) 


0.0331 (3) 


C6 


0.60257 (15) 


0.48263 (14) 


0.34399 (10) 


0.0345 (3) 


C7 


0.51941 (16) 


0.25398 (14) 


0.33923 (10) 


0.0355 (3) 


H7A 


0.4668 


0.1716 


0.3874 


0.043* 


H7B 


0.6078 


0.2197 


0.3004 


0.043* 


C8 


0.40116 (14) 


0.33317 (13) 


0.26765 (9) 


0.0302 (2) 


C9 


0.48878 (14) 


0.45976 (13) 


0.18856(9) 


0.0301 (2) 


H9 


0.4088 


0.5205 


0.1515 


0.036* 


C10 


0.59876 (14) 


0.40135 (13) 


0.11382 (9) 


0.0311 (2) 


Cll 


0.58170 (14) 


0.26821 (14) 


0.10487 (9) 


0.0323 (2) 
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Atomic displacement parameters (A 2 ) 
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— u.uiuy p ) 


CI J 


U.U3 1 / ^Oj 


A A/1 IT 

U.U43Z (^/J 


A A70C. (C\ 

U.UZoj [p ) 


A AATC 

U.UUZj [p ) 


a nnoo (A\ 

u.uuzy (4 ) 


a Anon ( ^\ 
u.uuyu p j 


Clo 


A C\A1A /"7^ 
U.U4Z4 ( /J 


A A/1 OA fO\ 

U.U4oU (o ) 


A A /I AC /7\ 

U.U4UJ ( /J 


A AA1/1 

U.UU34 [p) 


A AA17 

U.UU3Z [p ) 


A A1 A A //CA 

u.ui4y (oj 


Cl / 


a ac££ ^a\ 
U.UjOO ) 


a a/cac n a\ 
U.UoUj (,iuj 


A ACT7 /Q\ 

u.ujz/ (yj 


A AA7Q (Q\ 

u.uuzy [p ) 


A AAQA (q\ 

U.UU3U y 1 ) 


A A77C (Q\ 

U.UZ / j (oj 


1 o 

do 


A AC1 /T /AA 

U.Uj Id [y ) 


a A7/CA (\ 7\ 

u.u /oy (1ZJ 


A ACTA /Q~\ 

U.U JJ\) \y ) 


A AA/17 ZO\ 

U.UU4 / (oj 


A AA/^7 /7\ 

U.UUoZ y l ) 


A AT 1 7 /A\ 

u.uj iz ^yj 


1 Q 

ciy 


A AT AX ^7"\ 

u.ujyo ( /j 


A A7CC (~\ 1 \ 

U.U / J J \Y 1 J 


A A/1 7 O /'0\ 

U.U4ZO J 


A AA71 fl\ 

U.UU / 1 (, /J 


A AAO/1 /'/;\ 

U.UUo4 (O ) 


A A1 AA {Q\ 

u.uiyu {€>) 


czu 


A A7/1A //c\ 
U.U34y (0 J 


A A707 

U.U3o / (OJ 


u.ujjy j 


A A11Q /C\ 

u.ui iy pj 


A AA17 /C\ 

U.UU3 / (P) 


A A1 AA /C\ 

u.uiuu p J 


CZ1 


A A/1 0/C /'OA 

U.U4oO (o J 


A A177 

U.U3 1 1 \l) 


A AC 1 1 /'A\ 

U.UD31 {y) 


A AAA 1 /'/iA 

— u.uuyi (oj 


A AA 1 A ^7\ 

u.uuiy ( / ) 


A AA C 1 

— U.UUjI (oj 


poo 

CZZ 


a nciA f1 1A 
U.UO30 yi-J) 


A A1QO /'0\ 

u.ujyo p j 


A A/iA'l /I A\ 

u.uoUj ^iuj 


A A1 on /o\ 

u.uioy ^oj 


A AA 1 C SQ\ 

U.UU ID [y ) 


A AAA C C~7\ 
U.UUU J { / ) 


cz.5 


A AO in 

u.uoiy {ij) 


A ACQA /I 1 \ 

u.UDyu (,i i j 


a a/;aa (\ 1 \ 
U.UoUU (1 1 J 


A AQOO ( 1 A\ 

U.UJoo (,1UJ 


A A77C (\ A\ 

U.UZZj (,iuj 


A A 1 A C SQ\ 

U.UIUj (y) 


CIA 
CZ4 


U.U400 (y J 


a A7 n /i 7\ 
U.U 1 YZ yvZ) 


A a/;oa / 1 1 \ 
U.UuoU (1 1 ) 


A A7QO /0\ 
U.UZyO {€>) 


A A 1 AT (Q\ 

u.uiyj (o ) 


A A7/CO (\ r\\ 

U.UZoo (1UJ 


f '7 C 

CZj 


A A7£A f~l\ 

U.U30U ( /) 


A AC11 /'0\ 

U.U333 (o J 


A A/1 01 ^0\ 

U.U4o3 ) 


A A1 /I A /'/iA 

— U.U14U (oj 


A AA7C f&\ 

U.UUZj (o ) 


A A1 77 fH\ 

—U.UI 1 1 yl) 


CZo 


U.U3U0 (0 J 


A A/1 1 0 /^7\ 
U.U415 ( 1) 


A A11C /'/iA 

U.U33J (0) 


A AA/^A /'CA 

— U.UUoU p J 


A AAA7 /'CA 

—u.uuu / pj 


A A1 1 1 ^C\ 

—U.UI 13 p J 


CZ / 


A A/C/; 1 /I 7\ 

U.Uool (1ZJ 


A AO/iA /'I C\ 

U.UooU (1 D) 


A A7C1 n 1\ 

U.U / jj 


A ATA 1 /I 1 \ 

U.U3U1 (1 1 ) 


A A 1 /I 7 /'I A\ 
U.U14Z (1UJ 


A A7AA ( 1 7\ 

— u.uzuy (izj 




A AC 1 C 

U.Uj 1 D {0 ) 


A A/1 1 C /C\ 

U.U4 1 J [p ) 


A Al/il /CA 

U.U301 (J J 


A AAOA ^/1\ 

U.UUoU (4J 


A A 1 /CO (A\ 

U.U loo (4 ) 


A AA 1 ■J (A\ 

U.UU 13 (4J 


Oz 


A AT /C /I /C\ 

U.U364 p) 


A AT £ A /C\ 

U.Uioy (d) 


AA/1A1 /C\ 

U.U4U1 (D) 


AA1A/1 /'/1^ 

-U.U1U4 (4) 


A AAAA ( A \ 

U.UUyU (4) 


AA11/1 /'/1^ 
-U.UI 14 (4) 


03 


0.0380 (5) 


0.0518(6) 


0.0385 (5) 


-0.0139 (4) 


0.0087 (4) 


-0.0108 (4) 


04 


0.0623 (7) 


0.0433 (6) 


0.0423 (6) 


-0.0195 (5) 


0.0093 (5) 


-0.0061 (4) 


05 


0.0472 (6) 


0.0628 (7) 


0.0355 (5) 


-0.0051 (5) 


0.0094 (4) 


-0.0065 (5) 


06 


0.0474 (6) 


0.0591 (7) 


0.0499 (6) 


0.0164 (5) 


0.0078 (5) 


-0.0059 (5) 


Cll 


0.0375 (2) 


0.0878 (4) 


0.1006 (4) 


-0.0003 (2) 


-0.0181 (2) 


-0.0121 (3) 



Geometric parameters (A, °) 



CI— C2 


1.371 (2) 


CI 3— 03 


1.3753 (17) 


CI— C6 


1.3938 (19) 


C14— 03 


1.3700 (18) 


CI— HI 


0.9300 


C14— C15 


1.3873 (18) 


C2— C3 


1.383 (2) 


C14— C19 


1.388 (2) 


C2— H2 


0.9300 


C15— C16 


1.398 (2) 


C3— C4 


1.379 (2) 


C16— C17 


1.376 (2) 


C3— H3 


0.9300 


C16— H16 


0.9300 


C4— C5 


1.3955 (18) 


C17— C18 


1.390 (3) 


C4— H4 


0.9300 


C17— H17 


0.9300 


C5— C6 


1.3925 (18) 


C18— C19 


1.372 (3) 


C5— C9 


1.5247 (17) 


C18— H18 


0.9300 


C6— Ol 


1.3634 (16) 


C19— H19 


0.9300 


CI— Ol 


1.4195 (17) 


C20— C21 


1.384 (2) 


C7— C8 


1.5304 (17) 


C20— C25 


1.3900 (19) 


C7— H7A 


0.9700 


C21— C22 


1.389 (2) 


C7— H7B 


0.9700 


C21— H21 


0.9300 


C8— C26 


1.5279 (17) 


C22— C23 


1.376 (3) 


C8— C9 


1.5436 (16) 


C22— H22 


0.9300 


C8— C12 


1.5497 (17) 


C23— C24 


1.365 (3) 


C9— C10 


1.5203 (17) 


C23— H23 


0.9300 


C9— H9 


0.9800 


C24— C25 


1.387 (2) 



sup-5 



supplementary materials 



Pin pi i 
C 1 U — C 1 1 


1 1 CIA ( 1 Q\ 

l.JjJU (lo) 


Pin c 1 i 
C1U — CI 3 


1.4j4j (10) 


pi i o? 




Cll — C15 


1.4455 (18) 


C12 — 02 


I.4449 (15) 


C12 — C20 


1.5067 (17) 


C12 — H12 


0.9800 


C13 — 04 


1.2021 (18) 


PO pi p/: 

CZ — CI — Co 


12U.12 (14) 


PO pi i i i 

CZ — CI — HI 


linn 

ny.y 


p/- pi 1 1 1 
Co — CI — rll 


ny.y 


p 1 PO pQ 

CI — CZ — C3 


110 ai t\ a\ 

ny.y/ (14) 


p 1 po u o 

C 1 — CZ — HZ 


1 in a 
12U.U 


Pi po no 
C3 — CZ — HZ 


1 in a 
12U.U 


P/l pQ PO 

C4 — C3 — CZ 


1 in 00 z' 1 yi \ 

ny.66 (14) 


p/i p-j ii-j 
C4 — C3 — H3 


1 1A 1 


PO pQ TJQ 

CZ — C3 — H3 


1 in 1 
12U.1 


pi p /] PC 

C3 — C4 — Cj 


111 CI / 1 /I \ 

121.53 (14) 


PQ p /l TT/I 

CJ — C4 — H4 


1 1 n 1 

1 iy.z 


PC p /I I I /] 

CD — C4 — H4 


1 1 n t 

1 iy.z 


p/: pc p A 

Co — Cj — C4 


I 1 "7 C 1 /1 1\ 

I I /.J 1 (12) 


p/. pc pn 
CO — Cj — CV 


lid a 1 / 1 1 \ 
12U.32 (11) 


P/i pc pn 
C4 — Cj — CV 


111 HA / 1 1\ 

121 . /4 (12) 


p. 1 p /; pc 

<J1 — Co — Cj 


123.yU (12) 


p. i p /; p i 

Ul — Co — CI 


1 1 r AC /1 1\ 

115. U5 (12) 


pc p /; pi 

C J — Co — C 1 


nn no / 1 1\ 
12U.y6 (12) 


p. 1 p-7 po 

Ul — C / — Co 


1 12.52 (11) 


( \ 1 p-7 I I "7 A 

Ul — C/ — H/A 


1 AA 1 

luy.i 


PO p-7 II -7 A 

Co — C / — H /A 


1 AA 1 

luy.i 


( \ 1 p-7 I I7D 

Ul — C / — rl /r> 


1 AO 1 

luy.i 


PO p-7 II-70 

Co — C / — H fry 


1 AO 1 

luy.i 


rro a p-7 1 1 -7 1) 
H /A — C / — H IM 


1 A"7 O 
1U /.5 


PO £ PO p-7 

CZO — Co — C / 


1 AO AT ( 1 A\ 
1U5.U2 (lUj 


p-> /: po pn 

czo — Co — cy 


mil (\ A^ 
112.31 (1U) 


p-7 pq pn 

C / — Co — cy 


1 AO /IT / 1 A\ 

1U6.42 (1U) 


PO PQ pi-) 

CZO — Co — C1Z 


1 AO n / 1 A\ 

1U5.12 (1U) 


p-7 pq pn 
C / — Co — C 1 Z 


111 1 0 / 1 A\ 

111.25 (1U) 


po pq pn 
CV — Co — C 1 Z 


mo n /a\ 

loa. /i (y) 


Pin pn pc 
C1U — Cv — Cj 


1 1 (T AC (1 A\ 

110.45 (1U) 


Pin pn p 0 
C 1 U — Cv — Co 


1 AO 1 "7 / 1 A\ 
1U6.3 / (1U) 


pc pn p q 
Cj — Cy — Co 


1 A"7 /:i /A\ 

1U /.63 (y) 


Pin pn 1 1 n 

ciu — cy — Hy 


1 AO A 
1U6.U 


pc pn 1 in 

Cj — cy — Hy 


1 AO A 
lUa.U 


po pn un 

C8 — C9 — H9 


108.0 


Cll— CIO— C13 


117.87(11) 


Cll— CIO— C9 


122.10(10) 


C13— CIO— C9 


119.78(11) 


02— Cll— CIO 


124.46 (11) 


02— Cll— C15 


113.05 (11) 



sup-6 



p-> /l I 1 -> 1 

CZ4 — HZ 4 


a mnn 
U.y3UU 


PTC PI 1 

CZj — Cll 


1 1 AC\A ( 1 Q\ 

1. /4U4 (lo) 


tzu — \J J 




C26 — 06 


1.3180(18) 


C27 — 06 


1 .449 (2) 


C27 — H27A 


0.9600 


C27 — H27B 


0.9600 


C27 — H27C 


0.9600 


r\i pi 1 p 1 n 
U j — C 1 3 — C 1 U 


110 11 i\ 
115.33 (12) 


r\i 1 a pk 
U3 — C 1 4 — C 1 J 


1 OA A"7 { 1 1\ 

12U.y / (12) 


r\i r^w a pin 

U3 — ci4 — ciy 


11 Lib (13) 


pk pi 1 a pin 

ci j — ci4 — ciy 


111 ") A /1/1\ 

121.24 (14) 


pi 1 A PIC P 1 /- 

C 1 4 — C 1 J — C 1 0 


110 AT /11\ 

llo.y2 (13) 


p 1 ,/| pic PI 1 

C14 — CI J — Cll 


I 1 "7 AT ^1 T\ 

I I 1 Ml (12) 


p 1 r pi r pi 1 

C 1 0 — C 1 J — c 1 1 


1T/1 AC /11\ 

124.U5 (12) 


p 1 -7 pi/- P1C 

c 1 / — C 1 0 — C 1 J 


1 in 1 a f 1 a\ 
12U.1U (14) 


p 1 -7 P]/ III/, 

C 1 / — C 1 0 — H 1 0 


1 in a 
12U.U 


PI r pu ill/; 

C 1 J — C 1 0 — H 1 0 


1 in a 
12U.U 


p 1 r r^\n pio 
Clo — CI / — Clo 


1 1 A OA /1 /;\ 
liy.aU (16) 


pi/: pi*7 un 
Clo — CI / — HI / 


1 1A 1 

12U.1 


pi 0 pn 1 1 1 -7 
Clo — CI / — HI / 


1 in 1 
12U.1 


Pin piq pn 

ciy — cio — ci / 


111 11 /1 c\ 
121.11 (15) 


pin p 1 q r_ri 0 

c 1 y — c 1 0 — h 1 0 


1 1 Q A 

ny.4 


p 1 -7 P1Q I I 1 O 

C 1 / — C 1 0 — H 1 0 


1 1 A A 

ny.4 


pi 0 pin p 1 a 

cio — ciy — ci4 


110 HQ /1 C\ 

116./5 (15) 


pio pin 0 1 0 

cio — ciy — my 


1 1A £. 

12U.6 


pi 1 a pin it 1 0 

ci4 — ciy — my 


1 in £. 
12U.6 


p-> 1 pon ptc 
CZ 1 — CZU — CZj 


1 1 1 m /ii\ 

11 /.3y (13) 


po 1 p->n p n 
CZ 1 — CZU — c 1 z 


1 1A "7"7 1 1 1\ 

12U. / / (12) 


pic pon pn 
CZj — CZU — C 1 Z 


111 oi/ii\ 
121.62 (13) 


pon po 1 poo 
CZU — CZ 1 — CZZ 


111 A C /1 

121.45 (16) 


pon poi rro 1 
CZU — CZ 1 — HZ 1 


1 1 A 1 

ny.3 


poo poi rro 1 
CZZ — CZ 1 — HZ 1 


1 1 A 1 

ny.3 


p-v Q POO P0 1 

CZ3 — CZZ — CZ 1 


1 1 A CC ^1 A\ 

ny.55 (iy) 


p -> q poo rroo 
CZj — CZZ — HZZ 


1 in 1 
12U.2 


po 1 poo rroo 
CZ 1 — CZZ — HZZ 


1 in 1 
12U.2 


PO /I POI p ") ") 

CZ4 — CZ3 — CZZ 


1 in 11/1 c\ 
12U.32 (15) 


po /i poi rroi 
CZ4 — CZ 3 — HZ 3 


1 1 A O 

iiy.s 


pn poi rroi 
CZZ — CZ3 — HZ3 


1 1 A O 

1 iy.6 


POI po /I POC 

CZj — CZ4 — CZj 


1 1 A "7"7 "7\ 

ny. / / (1 /) 


p-V Q po /I I I -) | 

CZ3 — CZ4 — HZ4 


1 1A 1 

12U.1 


p-> c po/i rro/i 
CZj — CZ4 — HZ4 


1 1A 1 

12U.1 


po /i poc pon 
CZ4 — CZj — CZU 


111 A 1 { 1 H\ 

121 .43 (1 /) 


C24— C25— Cll 


117.87 (14) 


C20— C25— Cll 


120.70 (11) 


05— C26— 06 


123.95 (13) 


05— C26— C8 


123.17(13) 


O6— C26— C8 


112.87(11) 


O6— C27— H27A 


109.5 



supplementary materials 



pi a ni i p i c 

C1U — CI 1 — CI j 


no /i *7 p 1 \ 
1ZZ.4/ (11) 


Uo — CZ / — HI /d 


1 nn c 

luy.D 


P7 rn nn 

UZ — C 1 Z — czu 


1 p/; n^ ( 1 p\ 
1U0.U0 (1U) 


1 1 -> "7 a rn 1 1 -> "7i) 
hlZ / A — CZ / — hlZ id 


1 nn c 

luy.D 


P7 rn ro 
UZ — C 1 Z — Co 


1 pn 1 1 / 1 p\ 
lUy.13 (1U) 


Uo — CZ / — hlZ /C 


1 nn c 

luy.D 


l/Z U V 1 Z V. O 


1 1 J.UU ^ 1 


1 1 _ 1 Jr\. 1 1 1 _. / V. 


1 \Jy . J 


02 — C12 — HI 2 


108.8 


H27B — C27 — H27C 


109.5 


C20 — C12 — H12 


108.8 


C6 — Ol — C7 


117.78 (10) 


C8 — C12 — HI 2 


108.8 


Cll — 02 — C12 


116.06 (10) 


OA — C13 — 03 


115.96 (11) 


C14 — 03 — CI 3 


122.10 (10) 


OA — C13 — CIO 


125.69 (13) 


C26 — 06 — C27 


115.38 (14) 


p/l ni P7 po 

Co — CI — CZ — C3 


P O /7\ 

U.o (Z) 


r*o pi i pic p i a 
UZ — Cll — C1D — C14 


1 77 1/1/1 T\ 
— 1 //.14 (1Z) 


p 1 pO p,1 

C 1 — CZ — C3 — C4 


1.3 (2) 


pip pii pic ri /i 
C1U — Cll — C1D — C14 


1 tc /i n\ 

l.ZD (iy) 


pi pi /~m / • 
CZ — C 3 — C4 — C D 


1 p. p->\ 

-3.0 (2) 


r\-t P11 pic p i 

Ul — Cll — C1D — C10 


z.uo (iy) 


pi r^A r c / •/, 
C 3 — C4 — C D — Co 


1 1 /7\ 

2.3 (2) 


rip pii pic ru 
C1U — Cll — C1D — Clo 


1 7fl CC Pi 1\ 

— 1 /y.DD (13) 


PI P/1 ( • C ffl 

c j — C4 — c j — cy 


1 7/1 OA /" 1 yl \ 

1 /4.oU (14) 


p i a pic P1£ p 1 7 

C14 — C1D — C10 — CI / 


n 1 n\ 
0.1 (2) 


P/l pr P/- pii 

C4 — CD — Co — U 1 


1 H& 77 ( 1 7\ 
1 /O. / / (1Z) 


pii pic ru P17 
Cll — C1D — Clo — CI / 


1 7n C\A f\A\ 

-1 /y.U4 (14) 


pn pc p/T p,i 

cy — c j — co — u i 


/i on /1 o\ 
4.ZU (iy) 


p- 1 c pi/; P17 no 

C 1 D — C 1 0 — C 1 / — C 1 o 


1 A 

1 .4 (3) 


P/1 PC P£ P1 

C4 — CD — Co — C 1 


a u/1 n\ 

-u.id (iy) 


ru P17 pio pin 

cio — ci / — cio — ciy 


1 1 

-1.1 (3) 


pn pc p/T pi 

cy — CD — co — c i 


1 77 71 / 1 7\ 

— 1 11. 1 1 (1Z ) 


n7 no pin ri/i 
CI / — Clo — Ciy — C14 


n n /i\ 
-0.9 (3) 


P7 P1 P£ P 1 

CZ — CI — Co — U 1 


1 *70 cn / 1 1 \ 
-1 /o.Dy (13) 


pi P1/1 pip pio 

U3 — c 1 4 — c i y — C 1 o 


1 7C /IP P f\ 

-1 /D.4U (ID) 


P7 P1 P£ PC 

CZ — CI — Co — C j 


1 A /7\ 

-1.4 (2) 


pic p i a pin pio 

c i d — c 1 4 — c i y — C 1 o 


7 c n\ 
2.5 (2) 


pi 1 P*7 PO /'•">/' 

U 1 — C / — Co — czo 


— 0U.03 (13) 


m rn pip ri 1 
UZ — C 1 Z — CZU — CZ 1 


a n nn /1 7\ 

4u.uy (1 /) 


Ai P*7 PO PPi 

u i — c / — Co — cy 


£. 1 1 1 / 1 i\ 
01.33 (13) 


po rn pop pi 1 
Co — C 1 Z — CZU — CZ 1 


OP £. A /1 £. \ 

-oU.04 (10) 


p,i p-7 po pn 
U 1 — C / — Co — C 1 z 


1 7Q 17 /1 n\ 

—i /y.i / (iu) 


p,-) pn pin pic 
UZ — C 1 Z — CZU — CZD 


1 A 1 17 (\ 1\ 

— 141 .3 / (13) 


/ • /, PC PPi pip 

Co — cd — cy — c i u 


no 7£ P T\ 

-yo. /0 (13) 


po rn pop pic 
Co — C 1 Z — CZU — CZD 


n7 on c\ c\ 
y /.oy (ID) 


P/l PC PPi pip 

C4 — cd — cy — C 1 u 


on pp n c\ 
oy.UU (ID) 


P7C POP rn P70 

CZD — CZU — CZ 1 — CZZ 


i n 

-3.0 (2) 


P£ PC PPi PO 

Co — cd — cy — Co 


71 PO C\ £.\ 

15. Uo (10) 


rn r op pn pot 
C 1 Z — CZU — CZ 1 — CZZ 


1 7C C7 /I £\ 

1 /D.D / (10) 


P/1 pc PQ PQ 

C4 — cd — cy — C o 


1 A o n /n\ 
— 14y.l / (1Z) 


POP P0 1 Pn') P71 

CZU — CZ 1 — CZZ — CZ3 


1 .0 (3) 


PO {' PO PPi p 1 A 

czo — Co — cy — c i u 


1 ^ & ni ( 1 n\ 
— 100. 15 (1U) 


P0 1 POO POI PO /I 

CZ 1 — CZZ — CZ3 — CZ4 


1 1 /1\ 

1.1 (3) 


p-7 PO PPi P 1 Pi 

c / — Co — cy — c i u 


"71 no (\ 7\ 

/3.yo (1Z) 


pn P7i po/i po c 
CZZ — CZ 3 — CZ4 — CZD 


i n /i\ 
-1.0 (3) 


pi ^ po PQ p i pi 

c i z — Co — cy — c i u 


An 1 1 nT\ 
4 / . 1 Z ( 1 Z ) 


r c^")A po ^ pon 
CZ3 — CZ4 — CZD — CZU 


1 1 /1\ 

-1.1 (3) 


/^oa po pq pc 

cz o — Co — cy — c d 


00. DD (13) 


P'O 7 po/l / 'O ^ pi 1 

CZ3 — CZ4 — CZD — CI 1 


1 7Q 17 / 1 ^\ 

i /y.i / (id) 


p-7 PO PPi PC 

c / — Co — cy — CD 


— DZ. /4 (13) 


P0 1 POP PTC PO /I 

CZ 1 — CZU — CZD — CZ4 


i 1 n\ 
3.1 (2) 


p i o po pn pc 

c i z — Co — cy — cd 


1 "71 O C / 1 P\ 

-1 /3.oD (1U) 


p 1 O POP P7C PO /I 

C 1 Z — CZU — CZD — CZ4 


1 7C A 7 / 1 C\ 

-1 /D.4/ (ID) 


PC PPi pip pi 1 

cd — cy — c i u — c 1 1 


1 1 O 77 /1 7\ 

13o. /Z (1Z) 


P0 1 POP PO C PI 1 

CZ 1 — CZU — CZD — CI 1 


1 77 7P /n\ 

— 1 / /.ZU (1Z) 


PO PPi pip P11 

Co — cy — c i u — c 1 1 


1 7 17 / 1 C\ 

1 /.Z / (10) 


p 1 O POP P7C PI 1 

C 1 Z — CZU — CZD — CI 1 


a 7 n\ 
4.2 (2) 


PC PPi P1P pi •] 

cd — cy — C 1 U — C 1 3 


/i *7 pn / 1 c\ 
— 4 / .Uy (ID) 


p-7 PO p O PC 

C / — Co — CZO — UD 


17 /CC P. 7\ 

— 3Z.0D (1 /) 


PO PPi P1A p 1 -J 

Co — cy — c i u — c 1 3 


1 /"O c /I P 1 \ 

-10o.D4 (11) 


rn ro ro£ r*c 
cy — Co — CZO — UD 


1 C7 17 ( 1 1\ 

— 1DZ.1 / (13) 


pn pip p i i m 
CI 3 — C1U — CI 1 — UZ 


1 1 A 11/1 7\ 

— 1 /4.1 1 (1Z) 


pn ro ri^ pc 
C1Z — Co — CZO — UD 


07 on /1 c\ 
o /.oy (ID) 


pn p 1 p p 1 1 m 

cy — c i u — c 1 1 — uz 


p 1 /7\ 

U.Z (Z) 


r 7 ro ro£ pz 
C / — Co — CZO — Uo 


1 A O CP / 1 7\ 

14o.DU (1Z) 


p| 1 PIP P11 P1C 

CI 3 — C1U — CI 1 — C1D 


*7 ^n /1 n\ 

/.oy (iy) 


rn ro po/l a/: 
cy — Co — CZO — Uo 


70 no /1 c\ 
Zo.yo (ID) 


PPi pip pi I P1C 

cy — c i u — c 1 1 — c i d 


1 *70 m / 1 1 \ 
-1 /o.UZ (11) 


rn ro po a/: 
C 1 Z — C o — C Z 0 — U 0 


nn c\/z f\ i\ 
-yU.yO (13) 


PO /: po p 1 0 (\-) 

CZO — Co — C1Z — UZ 


— I /5.y4 (1U) 


( • £ ( Al p-7 

CD — CO — U 1 — C / 


1 7/1 /1 Q\ 

i .Z4 (iy) 


p-7 po rn m 
C / — Co — C 1 Z — UZ 


CC A/Z t"\ 1\ 

-DD. 40 (13) 


PI P£ A1 p-7 

CI — Co — Ul — c / 


1 70 17/1 7\ 
1 /0.3Z (1Z) 


pn po no po 

C9 — C8 — C 1 2 — 02 


sri oo /I 1\ 

63.88 (13) 


PO P7 P1 P/C 

C8 — C7 — 0 1 — C6 


7/1 C/1 

-34.54 (16) 


C26— C8— C12— C20 


-54.89 (14) 


CIO— Cll— 02— C12 


15.68 (18) 


C7— C8— CI 2— C20 


63.59 (14) 


C15— Cll— 02— C12 


-165.96 (11) 


C9— C8— CI 2— C20 


-177.08 (10) 


C20— CI 2— 02— Cll 


-171.76 (10) 


Cll— CIO— C13— 04 


165.57 (14) 


C8— CI 2— 02— Cll 


-47.26 (14) 


C9— CIO— C13— OA 


-8.9 (2) 


C15— C14— 03— C13 


-0.6 (2) 
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Cll— CIO— C13— 03 
C9— CIO— CI 3— 03 
03— CI 4— CI 5— CI 6 
C19— C14— C15— C16 
03— CI 4— CI 5— Cll 
C19— C14— C15— Cll 



-13.09(18) 
172.48 (11) 
175.70 (13) 
-2.1 (2) 
-5.06 (19) 
177.12(13) 



C19— C14— 03— C13 

04— CI 3— 03— C14 
CIO— C13— 03— C14 

05— C26— 06— C27 
C8— C26— 06— C27 



177.27(13) 
-168.99 (13) 
9.80 (19) 
-1.6 (2) 
177.28(16) 



Hydrogen-bond geometry (A, °) 

D—H-A 

C2— H2-05' 

C12— H12-04" 

C23— H23-05"' 



D — H 
0.93 
0.98 
0.93 



H-A 
2.59 
2.53 
2.47 



D-A 
3.271 (2) 
3.3316(16) 
3.355 (3) 



D—H-A 
130 
139 
159 



Symmetry codes: (i) -x+1, -y+l, -z+1; (ii) -x+1, -y+l, -z; (iii) -x, -y, -z+1. 
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